Abstract: Poyang Lake basin is one of the most biodiversity areas in China. Fluctuation of water level is an important factor of hydrological process which is a guarantee of ecosystem health and biodiversity conservation. To measure its spatial-temporal variation, classical statistical methods and permutation entropy were employed: 1) Variation of water level downstream of Poyang Lake during one year follows a periodical pattern, while it is random in upper reaches. That is, the range of water level in upper reaches is much less than that in downstream. 2) Fluctuation of water level in winter and spring is more complicated, more irregular and more random than that in other seasons. This is because in winter and spring, precipitation directly causes rising in water level rather than generating surface runoff, while it is reversed in summer.
Introduction
Basins, the basic unit of the earth's surface, are relatively independent and integrated natural geographic part that are composed of the water system and the land resources in a special region [1, 2] . As a critical zone of intense interaction between various circle layers of the earth [3] [4] [5] , there exist numerous of energy flow and material circulation in basins, especially the downstream of low elevation, due to the intense interaction within internal elements [6] . Meanwhile, basins provide many necessary resources for human living and production; especially, the downstream area of low elevation is of great significance for human living as the main accumulation area of human [7, 8] . In addition, it plays an irreplaceable role in the protection of biodiversity [9] , climatic regulation [10] , flood storage and drought relief [11] , water conservation and purification [12] , and maintenance of ecological balance [13] . Basins are known as "the kidney of the earth" for its special values [14, 15] . Besides its function for providing material and protecting ecosystem, basins also have great value in other aspects, such as leisure, spirit and culture. However, with the growth of population and the development of the economy, in the next 40 years, more than 100% of fresh water and 50% of healthy food are needed to meet increasing human needs [16, 17] . Unfortunately, basins, as the main provider of fresh water and healthy food, are facing unprecedented challenges. Therefore, it is urgent for us to comprehensively understand the characteristics of basin, especially the downstream of low elevation, to effectively protect and utilize the resources and functions.
Water level is a hydrological variable and its fluctuations will affect a series of chemical, physical, and biological processes in basins [18, 19] . And they play an important role in shaping the landscape and have a direct impact on the structure and function of basins for the reason that water is the most important medium of material transfer and the fundamental factor to maintain the existence and occurrence of basins [20, 21] . During the past decades, a number of studies on the spatial pattern [22] , temporal variation [23, 24] , process [25] and forecasting [26] of water level have been carried out. It should be noted that the spatial-temporal variation of water level fluctuation at a basin scale has not been given enough attention, and the evidence of this is demonstrated in the number of relative research papers. Furthermore, those abovementioned studies on fluctuation of water level were mostly conducted by traditional statistical methods. Nevertheless, the time series of water level is non-stationary owning to the fact that the atmospheric system is a complex, nonlinear dynamic system [27] . Consequently, there are some shortcomings of analyzing water level time series by traditional statistical methods.
With the development of science and the improvement of the human cognitive level, complexity science, as a new inter-discipline, has been gradually recognized. Recently, a wave of researches related to complexity science are arising worldwide [28, 29] . Under this condition, many complexity methods are emerging, which can be used to describe the laws that are impossible for the traditional statistical methods [30, 31] . For instance, the Hurst exponent is used to analyze the long-range correlation of events [32, 33] ; the Power Spectrum is calculated to describe periodic characteristics of events [34] ; and Information Theory is used to quantify the uncertainty of events [35] . Permutation entropy (PE) is a measure of the complexity of a dynamic system based on the comparison of neighboring values [36] . It is a method used to describe the randomness or unpredictability of time series [37] , which is widely used to analyze the economy [38] , instrument stability [39] , and physical fitness diagnosis [40, 41] . Additionally, the method is also used to analyze geographical phenomena successfully [42] .
Poyang lake basin is one of the most important grain production bases and fisheries bases in China [9, 43] . Water level is needed to guarantee water availability for agricultural production and biological protection purposes. And its fluctuation is an important factor in the ecological and hydrological process. In the current study, traditional statistical methods and the complexity method, named permutation entropy, are employed to analyze the spatial and temporal variation of fluctuation of water level over the Poyang Lake basin. In addition, the correlation between fluctuation and elevation is discussed in detail. The specific objective of the research is to help people understanding how water level fluctuation vary with the elevation at a basin scale, which is a part of hydrological process. The main objective of the research is to provide a reference to correctly plant grain and vegetables according to local conditions, as well as effectively formulate ecological planning to protect biodiversity.
Materials and Methods

Study Area
Poyang Lake basin, located in the middle reaches of the Yangtze River (Figure 1) , has a total area of 162200 km 2 , which accounts for nearly 9% of the whole area of Yangtze River basin and 97% of the whole area of Jiangxi Province. basin is one of the most important grain production bases and fisheries bases in China [9, 43] . Such a unique advantage of the basin is owing to the complete basin system combining mountains, lands, rivers and lakes [44] . Additionally, there exists a large number of plants and animals, and the biodiversity in Poyang Lake basin is extremely rich because of the abundant water and heat resources [45] . The area is characterized by subtropical humid monsoon climate, with an annual average temperature of approximately 18 ∘ C and annual precipitation of approximately 1634 mm [46] . The spatial and temporal distribution of precipitation is uneven in this area, and heavy rainfall frequently occurs over the period from April to June, which notably affects water resource distribution and brings about the frequent occurrences of drought and flood. The basin is divided into two parts by Songmen Mountain. Poyang Lake is located in the northern part, which is the largest fresh lake in China. As shown in Figure 1 , five major rivers, the Ganjiang River, Fujiang River, Xinjiang River, Raohe River and Xiuhe River, discharge into Poyang Lake. Affected by seasonal precipitation, the water area of the lake fluctuates greatly during the year. The area of the lake can reach up to 3000 km 2 in the wet season while shrinking to less than 1000 km 2 in the dry season [47] . The topography of Poyang Lake is complex and diverse, such as mountains, hills, alluvial plains. The mountains are mostly spread in western and eastern parts, and the maximum elevation is 2200 m above the sea level.
On the ontrary, the low alluvial plains are mostly spread in its central area. It has aboudant sunlight with 1473.3 to 2077.5 h annually during the period of 1961-2000. In the past few decades, a series of eco-environment problems, such as environmental pollution and biodiversity decline, have gradually appeared along with the growth of popula-tion and development of economy. The zone is facing severe challenges of sustainable development [48] .
Data
The data used in this study mainly include water level data and precipitation data. Water level data was recorded every day by the author at approximately 9 a.m. from the website of the Water Resources Department of Jiangxi Province (http://www.jxsl.gov.cn). The water level was automatically measured using pressure transducers or noncontact transducers, based on reference of elevation system of Wusong. In order to study the hydrological regime of the whole basin of Poyang Lake, the totally 24 observation stations over the entire Poyang Lake basin were selected and their locations are shown in Figure 1 . Hukou and Xingzi stations are located at the channel which joins the Poyang Lake and Yangtze river. In addition, two stations, three stations, ten stations, three stations, and three stations are located at Xiushui river basin, Raohe river basin, Ganjinag river basin, Fuhe river basin, and Xinjiang River basin respectively. Precipitation data was acquired from the website of The China Meteorological Data Service Center (http://data.cma.cn/), and the daily precipitation is the total precipitation fallen in the 24 hours and recorded at 8 p.m.. The time period selected for this study was from March 1, 2015 to February 28, 2017, for 731 days, or 2 years, in total. Other datasets are also needed, such as the DEM acquired from the website of the Geospatial Data Cloud (http://www.gscloud.cn/) and the boundary of the Poyang Lake basin. The elevations of all observation stations were picked up from the DEM by the author.
Method
Permutation entropy (PE) is a natural complexity measure for time series [36] , which is drawn from chaos theory and can tell how much a series deviates from a completely random one [49, 50] . The advantages of PE are its robustness, simplicity and fast calculation. The calculation process is as follows: For a scalar time series {x(i), i = 1, 2, . . .}, let us first reconstruct a m-dimensional space:
( 1) where m is called the embedding dimension and d the delay time. Here, m= 3 and d= 1. Then, the m number of real values
order:
Where j is a new series according to the processing before.
When an equality occurs, e.g.,
Therefore, any vector X i is uniquely mapped onto {j 1 , j 2 ,. . . , jm}, which is one of the m! permutations. When each permutation is considered as a symbol, then Xi is represented by a symbol sequence. The number of distinct symbols can be at most m!.
Let P 1 , P 2 , . . . , P k , represent the probability distribution for the distinct symbols, where k ≤ m!. Then, PE is defined as:
The maximum of PE(m) is ln(m!). And it is convenient to work with
Thus, PE gives a measure of the departure of the time series under study from a completely random one. Here, 0 < PE < 1,. If PE = 1, the time series is completely randomness. The smaller the value of PE, the more regular the time series is. More details and a simple example of PE can be found in the paper [51] .
Results
Classical Statistical Methods to Analyze Water Level
Temporal variation of water level
For the temporal variation in water level, Xingzi Station and Xiashan Station were selected as two examples to describe the temporal variation of water level ( Figure 2 ). This is because of their different locations and elevations, where one is one of the lowest elevation stations located in the channel connecting Poyang Lake with the Yangtze River, and the other is one of the highest elevation stations located in the upper reaches ( Figure 1 ). In general, the variation in water level at Xingzi Station and Xiashan Station in 2015 displays different patterns. A periodical pattern, approximately a single peak or a sinusoid, can be easily found for the variation of water level at Xingzi Station. Precisely, the water level in June and July was highest, and then it decreased until February, which was lowest during the year. After February, the water level experienced a significant increase until June. The average water levels of these two periods are 18.00 m and 11.26 m, respectively. In contrast, there is no obvious periodic pattern of water level fluctuation at Xiashan Station, except for one highest value which may be caused by extreme precipitation or measuring error. In other words, there is no obvious difference of water level between summer and winter. As seen in the figure, the range of the water level at Xiashan Station is especially narrow, and the value basically fluctuates around 109.5 m.
Spatial variation of water level
The water level data of 24 observation stations in Poyang Lake basin were collected to calculate values, such as range, standard deviation and coefficient of variation, using traditional statistics methods. The results are presented in Table 1 , which includes some of the descriptive statistical values for water level at different observation stations. In general, the maximum range of water level in 2015 appears at Hukou Station which is 9.850 m, while the minimum appears at Xiashan Station which is 2.34 m. The maximum standard deviation of water level appears at Hukou Station, while the minimum appears at Xiashan Station, and it ranges from 0.204 to 2.527 m. The maximum coefficient of variation of water level appears at Hukou Station, while the minimum is at Xiashan Station, and it ranges from 0.002 to 0.191 m. In addition, it is easy to find that Jiujiang and Hukou are stations of lowest elevation, while Xiashan is the station of highest elevation.
To understand the relationship between elevation and the descriptive statistical values, the Pearson correlation coefficient was calculated. As seen in Table 2 , there are significant correlations between elevation and range, standard deviation, coefficient of variation of water level at the 24 stations. Range, as well as standard deviation and coefficient of variation, will decrease with the increase in elevation, and the Pearson correlation coefficients are −0.694, −0.782, and −0.761, respectively.
PE to Analyze Fluctuation of Water Level
Temporal variation in fluctuation of water level
For the temporal variation of fluctuation of water level, the PE method was applied to the seasonal water level data of different stations (Table 3 ). This paper selected periods from March to May, from June to August, from September to November, and from December to February as spring, summer, autumn and winter, respectively.
In general, there is a difference in fluctuation of water level over Poyang Lake basin, and the correlation between elevation and PE varies with seasons. The average PE value of water level at 24 stations in winter was 0.862, which was the maximum, followed by spring, autumn, summer, whose average PE values were 0.848, 0.840 and 0.825, respectively. This implies that the fluctuation of water level in winter and spring is more irregular and random than that in other seasons, while it is reversed in summer. An interesting appearance that can be observed is that the maximum PE value of water level appears at Xinfeng Station, whose elevation is 150 m, the highest of all stations, while the minimum PE value appears at stations which almost have lowest elevation. Pearson correlation coefficient were calculated to analyze the correlation between PE value and elevation (Table 3). A separate analysis for each season indicated that there is a significantly positive correlation between the elevation and PE of water level, while it varies with seasons. The highest Pearson correlation coefficient occurs in summer, and the coefficient is 0.738, followed by spring, winter, autumn, whose coefficients are 0.652, 0.556, and 0.548, respectively.
Spatial pattern in fluctuation of water level
For the spatial pattern of fluctuation of water level, the PE method was applied to the water level data at 24 observation stations distributing over the whole study period (Table 4).
The results show that there are obvious different PE values at 24 stations distributing over the Poyang Lake basin. In general, all PE values of water level are higher than 0.6, which varies with elevation. The maximum PE appears at Xinfeng Station, while the minimum appears at Jiujiang Station, and the range is between 0.628 and 0.989.
Furthermore, correlation analysis was applied again, and Pearson correlation coefficients are listed. It shows that a significant positive correlation can be found between elevation and PE values, and the correlation coefficient is 0.655. This suggests that the PE of water level increased obviously with the increase of elevation over the Poyang Lake basin. That is, the degree of water level fluctuation increased.
Of course, this is a general trend of fluctuation of water level over the basin. It should be noted that a more pronounced characteristic is that in the sub-basin scale, the fluctuation of the water level in the upper reaches is more complicated than that in the downstream. To make it more obvious, the five main sub-basins were extracted, which are shown in Figure 3 , as well as the river and stations. Take the Xinjiang River basin (Figure 3c ) as an example, the PE value of water level at Meigang Station is 0.807, which is located in the downstream of the subbasin. While at Geyang Station, located in the middle reaches, the PE value is 0.904, which was lower than PE at Shangrao Station located in the upper reaches. A similar trend can be found in the Xiushui River basin, Raohe River basin, and Fuhe River basin. However, in the Ganjiang River basin, the variation of PE is more complicated. Jian Station and Waizhou are exceptions, whose PE values are higher than the stations located in the upper reaches.
Discussion
The spatial-temporal variability of fluctuation of water level in Poyang Lake in 2015 was analyzed, and some meaningful results were drawn. Furthermore, The Spatialtemporal variability of water level fluctuation in 2016 was also analyzed by the same methods, and similar results were drawn (Tables and Figures in supplementary materials) . Climate change, land use, sediment deposition, and geological hazards affect the fluctuation of water level to varying degrees [52, 53] . In general, spatial fluctuation in water level is mainly affected by spatial variation in precipitation [54] . Therefore, in order to analyze the spatial variation of precipitation and its correlation with the fluctuation of water level over Poyang Lake, some values, such as PE, average, range, standard deviation and coefficient of variation, were employed using daily precipitation data at 26 precipitation monitoring stations in 2015, which distributing over the Poyang Lake basin. Furthermore, the Pearson correlation coefficient was calculated to quantify the correction between elevation and the abovementioned values ( Table 5) .
As we can see in Figure 1 , 26 precipitation stations are evenly distributed over the whole Poyang Lake basin. In addition, an important result is that there is no obvious spatial characteristics of PE, average, range, standard deviation, coefficient of variation, or total precipitation over basin. Furthermore, the Pearson correlation coefficients are not high enough to say that they significantly correlated with elevation (Table 5) . In other words, there is no significant correlation between elevation and characteristics of precipitation over the whole basin. Consequently, it is a correct conclusion that the fluctuation of water level increased with the increasing of elevation over the Poyang Lake basin.
For the temporal variation of water level fluctuation, it appears that the fluctuation of water level is more random in winter and spring than that in other seasons, while it is more regular in summer. Several researches have demonstrated that meteorological factor, e.g. precipitation and air temperature, may contributed to the temporal variation of water level in basin on a long timescale [55] [56] [57] . By analyzing the water level changes in Polish lakes, Wrzesiński [55] discovered that variable precipitation will directly result in fluctuation of water level, and high temperature will cause intensive evaporation of surface wa- ter bodies which will affect water level. But, on a seasonal timescale, the effect of evaporation on water level is significantly smaller than precipitation [57, 58] . Mechanically, there is less precipitation in winter and spring. Additionally, due to human irrigation and utilization, water resources in this basin have been extensively used. Consequently, the water level is lower at different reservoirs and rivers, as well as observation stations, in winter and spring. Indeed, when precipitation occurs, it will directly replenish the local water resources, raising the water level instead of generating surface runoff. It may be occurring only when the rainfall is large enough. In contrast, there is enough precipitation in summer. The water level at hydrological stations and reservoirs has reached its saturation. Hence, precipitation will cause surface runoff once rainfall happens, which results in lower fluctuation of water level in summer.
For the spatial pattern of water level fluctuation, it appears that the water level in upper reaches tends to fluctuate around a certain value, while the variation of water level downstream tends to have a periodical peak pattern and its fluctuation is lower than that in the upper reaches. This tendency can be attributed to catchment size (Table  6 ), for the reason that the correlation between calculated values and catchment size of stations are more significant. This suggested that the size of the catchment area is the main reason for the spatial variation of water level over the basin. In the upper reaches of Poyang Lake basin, there is no certain period of variation of water level due to the randomness of precipitation, slope and topography. In contrast, the variation of water level downstream reflects the variation of precipitation over the whole basin, and it is mainly influenced by the basin climate rather than precipitation at a certain point. The process of surface runoff was responsible for this phenomenon. Physically, precipitation may be random at a certain zone, while it is regular and periodic over the whole basin. All of the abovementioned reasons contribute to randomness and unpredictability of water level in the upper reaches of the Poyang Lake basin than that in downstream areas. Furthermore, the trend is more obvious at the sub-basin scale, especially along one river. That is, along one river, the fluctuation of water level at a higher elevation, whose PE is close to 1, is more complicated than that at lower elevation. This could be confirmed by water level fluctuation in Xiushui River basin, Raohe River basin, Fuhe River basin, and Xinjiang River basin. However, in Ganjiang River basin, Jian and Waizhou Stations do not conform to this trend. Their spatial location caused this phenomenon. Take Jian Station as an example. The station is located in the Lujiang River, which is a tributary of Ganjiang River. Hence, the catchment area and confluence process of Jian Station are very different from other stations. Even though the combined effect of the two meteorological factors, namely precipitation and air temperature, can determine the variation of water level, catchment size is of key important to the spatial variation of water level. As demonstrated in a paper studying water level changing in Polish lakes [55] , lake of precipitation or its shortage does cause a decrease in the water level in a basin when it occurs in a reason that precipitation is not necessary. The current research found that, in winter, smaller amount of precipitation could result in intensive fluctuation of water level than that in summer in Poyang Lake. The analysis of water-level time series over a whole basin plays an important role in understanding hydrodynamic characteristics and formulating ecological planning. However, many published research mainly focuses on the long-term behavior of a basin using he monthly average value of water level influenced by climate changing [55] [56] [57] . Realistically, effectively ecological planning needs to consider not only the temporal variation of water level during a long time scale but also the spatial pattern of water level at a basin scale. The research is of great help for people to understand how water level fluctuation vary with the elevation at a basin scale.
Conclusions
The paper considered water level data of 24 monitoring stations and precipitation data of 26 monitoring stations in daily units over the period from March 1, 2015 to February 28, 2017 in Poyang Lake basin. The temporal variation and spatial pattern of water level fluctuation were analyzed with the help of traditional statistical methods and permutation entropy. Additionally, the correlation between the fluctuation of water level and elevation is emphatically discussed. The results showed the following. 1) Variation of water level downstream of Poyang Lake during one year follows a single peak or a sinusoid, while it is random in upper reaches. That is, the range of water level in upper reaches is much less than that in downstream. 2) Fluctuation of water level in winter and spring is more irregular and more random than that in other seasons. This is because in winter and spring, precipitation directly causes rising in water level rather than generating surface runoff, while it is reversed in summer.
3) The ranges, standard deviation, coefficient of variation and fluctuation of water level decrease with rising in elevation. 4) In sub-basin scale, fluctuation of water level in upper reaches is more complicated than that in downstream, especially along one river. Mechanically, spatial terrain and confluence process, i.e., catchment areas, may be the main factors influencing fluctuation of water level over Poyang Lake basin.
Prospects
To measure the temporal variation and spatial pattern of water level fluctuation, permutation entropy is calculated to quantify the fluctuation of water level and their correlation with elevation. This analysis has achieved various results, which may provide supplementary reference for us to formulate regional ecological planning to protect biodiversity. However, there are still certain limitations that need to be investigated in the future. Precisely, a spatial variation of water level fluctuation has been analyzed and mapped, and a correlation with elevation has been found. Mechanically, spatial terrain and confluence processes may be responsible for this phenomenon. But how? At the same time, many works, such as dams which have been built recent years, may affect the process to a certain extent. Complexity science and methods may provide a new way to understand the influencing factors. Thus, this should be considered in the future. Table  8 : Correlation between elevation and classical statistical value of water level in 2016., Table 9 : PE values of water level in different seasons and their correlations with elevation in 2016., Table 10 : PE values water level at 24 stations and their correlations with elevation in 2016.
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